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Abstract.  The undesirable breakage of seeds during processing may result in quality degradation. Seeds experience a 
portfolio of shear and impact stresses as they flow through various machinery, and this may cause surface damage as 
well as integral damage. An in-depth study and understanding of the microscopic mechanisms of the various processes is 
needed to investigate and address the problem of breakage. The main aim of this work is to carry out a parametric study 
of the effect of sliding and rolling friction on the flow field of seeds in a seed coater device by modeling particles motion 
using Distinct Element Method (DEM). It was found that sliding friction plays an important role in changing the flow 
pattern and particles solid fraction in a specified measurement cell. However, study of particle rolling friction showed 
that flow pattern and solid fraction of particles will not be affected once the coefficient of rolling friction exceeds a value 
of 0.1. 
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INTRODUCTION 
The majority of agricultural seeds in the market 
undergo a series of seed processing stages in order to 
improve their mechanical, physical and germination 
quality. Seed processing mainly involves cleaning, 
drying, size and shape classification, sorting and 
finally coating the seeds in order to improve their 
germination, immunity to insects and lifetime.  As the 
seeds flow through various processing stages, they 
experience a portfolio of shear and impact stresses 
which may lead to surface and integral damage of the 
seeds. Therefore investigation of the flow fields and 
mechanical stresses is critical in order to quantify and 
minimise the level of stresses which the seeds 
experience. There exist a number of approaches in the 
literature for measuring the breakage of particles by 
impact [1] and bulk shear [2-3]. However, the existing 
methodologies need to be tailored for measuring seed 
breakage. In this work, the Distinct Element Method 
(DEM) is used to model the velocity fields within a 
seed coater based on which the damage to seeds may 
be assessed experimentally. A parametric study is 
carried out on the effect of rolling and sliding friction 
on the seed flow patterns in a seed coating device.  
DEM SIMULATION OF SEED 
COATING UNIT 
As seeds pass through various processing stages, 
the seeds and their coating may get damaged. 
Particular problem is the damage of the coating that 
occurs within the seed coater. Therefore, the study of 
the dynamics of the coating devices is required in 
order to optimise the operational parameters such as 
speed of rotation, angle of baffles and feed rate to 
minimise the damage caused to the coating. A set of 
simulations were carried out using the EDEM® 
software provided by DEM-Solutions, Edinburgh, UK, 
in order to investigate the effects of the particle 
properties such as rolling and sliding friction on the 
flow pattern, tangential and radial velocities of 
particles within the seed coater unit. The geometry of 
the seed coater was generated using a laboratory 
scaled equipment dimension which is shown in Figure 
1. In the seed coater, the coating liquid is introduced 
by a nozzle to a spraying disc, where the liquid is 
atomised and sprayed onto the surfaces of the seeds. 
The vertical plates act as baffles, turning the bed over 
and ensuring adequate mixing of the seeds in order to 
increase the uniformity of the seeds coating. 
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 FIGURE 1. Geometry of the seed coater unit in EDEM 
software. 
In simulating particulate systems, spherical shaped 
particles are preferred due to the simplicity of contact 
detection, since contacts can be detected if the distance 
between two particles becomes equal or less than the 
sum of their radii. This would result in efficient 
detection of contacts and therefore leads to fast 
calculations of contact forces. In the literature, it has 
been reported that by introducing particle-particle 
rolling friction for spherical particles in DEM 
simulations, the effect of particles shape can be 
simulated [4]. Rolling friction acts as a resistive torque 
to the particle rotation, which in this paper is 
calculated by Equation 1. 
 
 i r n i iM F R     (1) 
 
where μr is coefficient of rolling friction, Fn the normal 
force, Ri the distance from the center of mass to the 
contact point and ωi the unit angular velocity vector at 
the contact point.  
In this paper, the sensitivity of particle velocity and 
solid fraction within a measurement cell to various 
rolling and sliding friction coefficients is investigated. 
Properties used in the simulation are summarised in 
Table 1. 
RESULT AND DISCUSSION 
The distributions of tangential and radial velocities 
are evaluated within a measurement cell (MC), which 
has dimension of 30 mm in all x, y and z-directions, 
during a 6 second period of operation in the coater. 
This measurement cell is parallel to the vertical plate 
and is located in front of it as shown in Figure 2. 
FIGURE 2. Measurement cell in DEM simulations 
(indicated by red square). 
The total number of particles that experience a 
given velocity throughout a sampling interval of 5 ms 
within this 6s period is calculated. Figures 3 and 4 
show the effect of particle-particle rolling friction on 
the tangential and radial particle velocity distributions, 
respectively. 
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FIGURE 3. Effect of particle rolling friction on tangential 
particle velocity. 
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FIGURE 4. Effect of particle rolling friction on radial 
particle velocity. 932
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TABLE 1. DEM simulation parameters 
Poperty Rolling Friction Variation Sliding Friction Variation 
Shear modulus (MPa) 1 1 
Density (kg/m3) 1163 1163 
Coeff. Restitution 0.4 0.4 
Coeff. of rolling friction (particle-particle) 0.01 – 0.3 0.1 
Coeff. of rolling friction (particle-wall) 0.01 0.01 
Coeff. of sliding friction (particle-particle) 0.2 0.1 – 0.4 
Coeff. of sliding friction (particle-wall) 0.2 0.2 
Particle mean size (mm) 5 5 
Particle size variation ratio ±5% ±5% 
 
As the rolling friction is increased from 0.01 to 
0.05, there is a notable decrease in the mean tangential 
velocity and an increase in the mean radial velocity. 
Further increase of the rolling friction causes a smaller 
change. Figure 5 shows the distribution of solids 
fraction within the measurement cell. An increase in 
the rolling friction from 0.01 to 0.05 causes a 
significant reduction in solids fraction. Further 
increase in rolling friction has a negligible effect on 
solids fraction. These simulations show that 
implementation of rolling friction using spherical 
particles does not provide a satisfactory account of 
particle shape for simulating their dynamics. 
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FIGURE 5. Distribution of solids fraction for various 
particle rolling frictions. 
 
Figures 6 and 7 show the effect of particle-particle 
sliding friction on tangential and radial particle 
velocity distributions, respectively. 
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FIGURE 6.  Effect of particle sliding friction on tangential 
particle velocity. 
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FIGURE 7. Effect of particle sliding friction on radial 
particle velocity. 
 
As the sliding friction increases, the mean 
tangential and radial velocities of the particles remain 
roughly constant. Figure 8 shows the fraction of time 
within the 6s period that a given solids fraction exists 
within the measurement cell. As the sliding friction is 
increased, the solids fraction in the cell increases 
significantly and therefore it has a significant effect on 
the flow pattern of the particles. This could have 
implications on the coating performance throughout 
the seed bed as the flow pattern of particles is affected. 933
Downloaded 19 Aug 2013 to 194.80.235.253. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://proceedings.aip.org/about/rights_permissions
0
5
10
15
20
25
30
0 0.2 0.4 0.6
Fr
ac
tio
n 
of
 T
im
e 
(%
)
Solids Fraction (-)
Fs:0.4 Fs:0.1 Fs:0.2 Fs:0.3
FIGURE 8. Distribution of solids fraction for various 
particle sliding frictions. 
 
CONCLUSION 
A series of DEM simulations were carried out in 
order to investigate the effects of rolling and sliding 
friction on particle tangential and radial velocity 
distributions.  Although, it has been reported in the 
literature that by introducing particle-particle rolling 
friction the effect of particle shape can be accounted 
for, the simulation of the seed coater showed that the 
coefficient of particle rolling friction is not 
significantly influencing the tangential and radial 
velocities. This suggests that it may be necessary to 
implement particle shape in the simulations to 
accurately describe the behavior of the real seeds. 
However, this needs to be validated by comparing 
simulation and experimental results.  
It was shown that the mean average tangential and 
radial velocities remain constant with the variation of 
particle-particle sliding friction. However, this had a 
significant effect on solids fraction within the 
measurement cell, where the solids fraction increased 
as sliding friction was increased. Moreover, the DEM 
simulations showed that the coefficient of particle 
sliding friction has a significant effect on particles 
flow pattern and therefore could affect the coating 
performance of the coater. DEM simulations will be 
used to estimate the level of stresses which the seeds 
experience within the coating stage. Thereafter, seed 
breakage rates obtained in shear cell measurements 
will be coupled with the DEM stress analysis in order 
to predict the rate of seed breakage. 
ACKNOWLEDGMENTS 
Financial support from Syngenta Ltd for the first 
author is gratefully acknowledged.  
REFERENCES 
1. M. Ghadiri and Z. Zhang, Chem. Eng. Sci. 57, 3659–
3669 (2002).  
2. M. Ghadiri, Z. Ning, S. J. Kenter, E. Puik, Chem. Eng. 
Sci. 55, 5445-5456 (2000). 
3. Z. Ning, M. Ghadiri, Chem. Eng. Sci. 61, 5991-6001 
(2006). 
4. Y. C. Zhou, B. D. Wright, R. Y. Yang, B. H. Xu, and A. 
B. Yu,  Physica A: Statistical Mechanics and its 
Applications  269, 536–553 (1999). 
 
 
 
 
 
 934
Downloaded 19 Aug 2013 to 194.80.235.253. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://proceedings.aip.org/about/rights_permissions
